Arrangement for the Protection of Three-Dimensional Structures on Wafers 

TECHNICAL FIELD 

[0001] The present invention relates generally to electronic components, and more 
particularly to an arrangement for the protection of three-dimensional structures on wafers. 

BACKGROUND 

[0002] The constantly increasing number of electrical connections between wafers and their 
carrier elements, and in particular the miniaturization required to obtain flattest possible 
assemblies, has led to the use of direct electrical bonding of the semiconductor chips on the 
carrier elements (flip-chip bonding). 

[0003] However, to permit direct bonding of semiconductor chips on carrier elements, such 
as a PCB (printed circuit board), it is desirable to produce on the semiconductor chip 3-D 
structures which end at their respectively highest point in a gold-plated contact area and are 
connected to the bond pad of the wafer via a reroute trace. This gold-plated contact area may 
then be provided with a micro-ball, or the like, of a solder material and be electrically and 
mechanically connected to a corresponding soldering contact on the PCB. 

[0004] To achieve a certain compensation for mechanical loads of the finished assembly, 
caused for example by different coefficients of thermal expansion of the individual components, 
the base element of the 3-D structure is produced from a compliant material, for example 
silicone, so that after its metallization a three-dimensional, mechanically flexible structure which 
is firmly connected to the wafer is produced. 
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[0005] The reroute traces used for the electrical connection between the bond pad and the 3- 
D structure are built up on a seed layer, on which a copper reroute trace is grown and a nickel 
layer is grown on top. The nickel layer protects the copper layer from corrosion. Under the seed 
layer and the base element there is generally a dielectric, so that it is ensured that an electrical 
connection exists only between the contact element on the 3-D structure and the associated bond 
pad. 

[0006] To achieve solderability of the contact element, the nickel layer should be coated in 
this region with gold, at least on the tip of the 3-D structure. 

[0007] In the case of a method for the structuring of 3-D structures that is currently used in 
practice, the necessary structuring of the gold layer is realized by a generally known lithographic 
process. The structuring of the functional elements takes place here by the gold being deposited 
on the entire redistribution layer following the deposition of the seed layer and the copper/nickel 
layer. ^After that, the gold layer is covered by a lithographic process in such a way that selective 
etching or stripping of the undesired regions of the gold layer can take place and, when 
completed, a gold layer only remains in the region of the 3-D structure. The 3-D structure 
produced in this way is to be referred to hereafter as the functional 3-D structure, since it is 
essential for the electrical bonding of the chips, individually separated from the wafer, with 
carrier elements. 

[0008] This method can be summarized by the following process sequence: 
depositing of the seed layer; 

EPR1 (Epoxy Photoresist 1): coating and structuring (lithographic step 1); 
reroute plating, producing the copper/nickel layer on the seed layer; 
coating of the reroute trace with gold; 
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EPR2 (Epoxy Photoresist 2): coating and structuring (lithographic step 2); 
selective etching of the gold layer; and 
wet etching or stripping. 

[0009] However, the functional 3-D structures produced by this method must be tested for 
their functional capability in the wafer assembly, that is before they are separated into individual 
chips. For this purpose, the wafer must be fed to a testing device in which all the functional 3-D 
structures can be electrically bonded simultaneously, i.e., so that an electrical contact with a test 
circuit is established. In this respect it must be ensured that the compliant functional 3-D 
structures are on the one hand brought into contact with the testing device with adequate force, 
but on the other hand are not mechanically overloaded or destroyed. It must consequently be 
ensured that the wafer is placed onto the testing device under defined conditions. 

[0010] A further problem associated with the use of compliant functional 3-D structures is 
the quite high sensitivity to damage when they are being handled, e.g., during transport or during 
intermediate storage. 

[0011] After the separation of the wafers into individual chips and their soldering to a 
carrier element, the functional 3-D structures are protected by the carrier element. This means 
that the sensitive functional 3-D structures primarily have to be protected from damage in the 
wafer assembly, e.g., before individual separation. 
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SUMMARY OF THE INVENTION 

[0012] To solve some of these problems, the present invention provides embodiments that 
provide an arrangement for the protection of functional 3-D structures on wafers that can be 
realized in a simple and reliable manner and that ensures reliable protection of the 3-D structures 
particularly during the handling and testing of the wafers in a testing device. For example, a 
number of selected 3-D structures on the wafer can be provided with a mechanical 
reinforcement, so that at least some of these selected 3-D structures have a greater mechanical 
load-bearing capacity than the other functional 3-D structures. 

[0013] In this particularly simple way, reliable protection of the functional 3-D structures 
can be achieved. Furthermore, the mechanically reinforced 3-D structures can be realized 
without any intervention in the production method described at the background section being 
necessary. 

[0014] To achieve the mechanically greater load-bearing capacity, the selected 3-D 
structures may have a lower degree of compressibility than the other functional 3-D structures. It 
is also possible without any problem to form the selected 3-D structures in such a way that they 
have a slightly greater height than the other functional 3-D structures. In both cases the effect is 
achieved that compressive loading acting on the wafer acts on the selected 3-D structures first 
and can be absorbed by them within certain limits. 

[0015] In one embodiment of the invention, the compliant base element of the selected 3-D 
structures has a significantly greater volume than the other functional 3-D structures, so that a 
greater height of the selected 3-D structure and/or a lower degree of compressibility compared to 
the other 3-D functional structures is achieved. Furthermore, the compliant base element of the 
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selected 3-D structure may be protected by a metal cap or by a metallic supporting ring, which 
surrounds the base element of the selected 3-D structure. 

[0016] It is expedient to arrange the selected 3-D structures in a regularly distributed manner 
in the edge region of the wafer, e.g., in such regions that are in any case not used any longer after 
the individual separation of the wafers. It goes without saying that it is also possible to distribute 
the selected 3-D structures regularly on the wafer if the way in which the surface area is divided 
up makes this advisable. 

[0017] In a special refinement of the invention, the selected 3-D structures are able to be 
electrically bonded. This allows the placement of the wafer onto a test structure of a testing 
device to be electrically checked and the simultaneous bonding of all the other functional 3-D 
structures to be subsequently achieved by a defined force effect. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] For a more complete understanding of the present invention, and the advantages 
thereof, reference is now made to the following descriptions taken in conjunction with the 
accompanying drawings, in which: 

[0019] Figure 1 A shows a wafer with a compliant element and a seed layer covering over 
the structure; 

[0020] Figure IB shows the plan view of the structure according to Figure 1 A; 

[0021] Figure 2 A shows the structure according to Figures 1A and IB after a lithographic 
step by means of an EPR1 and the deposition of a nickel layer and a copper layer over the 
compliant element; 

[0022] Figure 2B shows the plan view of the structure according to Figure 2A; 

[0023] Figure 3 A shows the structure according to Figures 2 A and 2B after the deposition of 
a gold layer on the nickel/copper layer; 

[0024] Figure 3B shows a plan view of the structure according to Figure 3 A; 

[0025] Figure 4A shows the finished 3-D structure, reinforced with a metal cap after the 
stripping of the EPR1 and the etching of the seed layer; 

[0026] Figure 4B shows a plan view of the 3-D structure according to Figure 4A; 

[0027] Figure 5 A shows the finished 3-D structure, reinforced with a metal ring, after the 
stripping of the EPR1 and the etching of the seed layer; 

[0028] Figure 5B shows the plan view of the 3-D structure according to Figure 5 A; 
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[0029] Figure 6 shows a schematic sectional representation of a wafer with reinforced 3-D 
structures and functional 3-D structures; and 

[0030] Figure 7 shows an example of the construction of a functional 3-D structure. 
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 

[0031] The making and using of the presently preferred embodiments are discussed in detail 
below. It should be appreciated, however, that the present invention provides many applicable 
inventive concepts that can be embodied in a wide variety of specific contexts. The specific 
embodiments discussed are merely illustrative of specific ways to make and use the invention, 
and do not limit the scope of the invention. 

[0032] A preferred embodiment of this invention relates to an arrangement for the 
protection of 3-D structures on wafers. For example, these 3-D structures can be contact 
structures in the form of flexible or compliant bumps that are electrically connected to a bond 
pad on the wafer via a reroute trace (reroute layer). The reroute trace can extend onto the 
functional 3-D structure and comprises a copper/nickel layer, which is covered by a gold layer. 

[0033] The present invention will be now described with respect to preferred embodiments 
in a specific context, namely a semiconductor wafer. The invention may also be applied, 
however, to other electronic and/or optical components that can be interconnected by use of 
three-dimensional contacts. 

[0034] Figures 1 A - 4B show the production sequence of a selected 3-D structure 1 
according to one embodiment of the invention, which is formed on a wafer 2. The completed 
selected 3-D structure 1 comprises a compliant base element 3, for example of silicone, on which 
there has firstly been applied a seed layer 4, which has then been covered by a nickel layer 5 and 
a copper layer 6. Finally, on the copper layer 6 there is also a gold layer 7. Although this gold 
layer 7 is not essential for the function of the selected 3-D structure, it is produced concomitantly 
in the production of the functional 3-D structures 8 (illustrated in Figures 6 and 7). 
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[0035] In other embodiments, other conductors can be used in place of the multilayer 
conductor 4151611. For example, the conductors can be made from aluminum, copper, tungsten, 
or other conductors. The conductor can comprise a single layer or, as illustrated, multiple layers. 
While shown with four layers, it is understood that more or fewer layers can be used. 

[0036] In a preferred embodiment, the selected 3-D structures 1 and functional 3-D 
structures (not shown in Figures 1-4; see Figure 7) are produced simultaneously. The only 
difference is that compliant elements 3 of greater dimensions are applied on the wafer 2 for the 
selected 3-D structures 1 and that the photoresist EPR1 is structured in such a way that the entire 
upper surface area of the selected 3-D structure 1 is kept free, and consequently a cap-like 
structure is produced during the metallization. By contrast with this, the functional 3-D 
structures 8 are electrically connected to a bond pad 1 1 via a metal reroute trace (reroute layer), 
in that the reroute layer 9 extends up to the tip of the functional 3-D structure 8 (see e.g., Figure 
7). 

[0037] The preferred method for the production of the selected 3-D structures 1 and the 
functional 3-D structures 8 can be represented in a simplified form as follows: 
a: depositing of the seed layer 4; 

b: coating and structuring of the photoresist, e.g., epoxy photoresist (lithographic 
step 1 or EPR1); 

c: reroute plating, producing the copper/nickel layer 6/5 on the seed layer 4; 
d: coating of the reroute trace with gold 7; 

e: coating and structuring of photoresist, e.g., epoxy photoresist (lithographic step 2 

orEPRl); 
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f: selective etching of the gold layer 7; and 
g: wet etching or stripping. 

[0038] With the steps a - d, cap-like structures are created on all the 3-D structures 1 and 8. 
The subsequent steps e and f serve for the structuring of the reroute layer 9 (metal reroute trace) 
on the functional 3-D structures. 

[0039] The production of the metallic supporting ring 10 for the protection of the selected 3- 
D structure 1 can be performed with the same method steps a - d (see e.g., Figures 5A and 5B). 
The only difference here is that the tip of the compliant element 3 is covered by a resist during 
the execution of these process steps, so that no metal is deposited on the compliant element 3. 
After the stripping of the resist and the etching of the seed layer 4, the metallic supporting ring 
10 that can be seen from Figures 5A and 5B then remains. 

[0040] Figure 6 finally also shows a schematic sectional representation of a wafer 2 with 
reinforced selected 3-D structures 1 and functional 3-D structures 8. It is clearly evident from 
this representation that, when the wafer 2 is placed onto a planar base, the selected 3-D structures 
1 come into contact first with the surface of the base. The functional 3-D structures 8 are 
completely protected here from damage, for example if the wafer 2 is displaced on the base. 

[0041] While this invention has been described with reference to illustrative embodiments, 
this description is not intended to be construed in a limiting sense. Various modifications and 
combinations of the illustrative embodiments, as well as other embodiments of the invention, 
will be apparent to persons skilled in the art upon reference to the description. It is therefore 
intended that the appended claims encompass any such modifications or embodiments. 
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